Background Early studies in the literature reported relatively high early minor reintervention rate for the mobilebearing unilateral knee arthroplasty (UKA) compared with short-and midterm survivorship after fixed-or mobilebearing UKA. However, whether the long-term function and survivorship are similar is unclear. Questions/purposes We therefore asked whether (1) mobile-or fixed-bearing UKAs have comparable function (as measured by the Knee Society scores);
Introduction
Unilateral knee arthroplasty (UKA) is a bone and ligamentsparing technique that reliably restores knee kinematics and function for arthritis limited to one compartment of the knee [2, 3, 25, 30] . Function and survivorship after UKA improved since its introduction more than 30 years ago as a result of improvements in designs, indications, materials, and surgical techniques [17, 36] . Reported function and survivorship of UKA are better when the anterior cruciate ligament is intact [3, 6] and kinematic studies suggested that maintaining the anterior cruciate ligament may be advantageous in terms of survivorship, stairclimbing ability, patient satisfaction, and joint kinematics [3, 6, 7, 25, 31] . Historically, the first available UKAs were cemented fixed-bearing all-polyethylene UKA [17] . In 1986, Goodfellow and O'Connor described a mobile-bearing metalbacked UKA designed to improve wear characteristic in Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. One of the authors (JNA) is a consultant for Zimmer (Warsaw, IL).
UKA [15] . They suggested the potential advantage of the mobile-bearing design allowed a more conformed surface than with a fixed-bearing UKA and therefore larger contact areas and lower contact stresses, which would theoretically improve wear characteristics [15] . One early retrieval studies supported this notion by showing low wear rates with this fully conforming mobile-bearing UKA [4] . Precise alignment and ligament balancing are, however, essential to prevent mobile-bearing dislocation or impingement and to avoid overcorrection, which may lead to rapid progression of arthritis in the opposite compartment [7, 15, 41] .
On the other hand, fixed-bearing UKAs often have a flat tibial articular surface, which is less conforming as flexion occurs and might lead to point loading [5] . Earlier studies comparing the reintervention rate [8] and the short-and midterm survivorship [9, 11, 41] after fixed-or mobilebearing UKA suggested a higher early minor reintervention rate for the mobile-bearing UKA [8] . However, whether the long-term function and survivorship are similar is unclear.
We therefore asked whether (1) mobile-or fixed-bearing UKAs have comparable function (as measured by the Knee Society scores); (2) mobile-and fixed-bearing UKA have comparable Knee Society radiographic scores; and (3) the long-term survivorship is comparable.
Material and Methods
We retrospectively reviewed all 156 knees in 147 patients operated on between 1989 and 1992 with either a fixed-bearing (Miller-Galante; Zimmer, Warsaw, IN) or mobile-bearing design (Oxford meniscal-bearing; Biomet, Warsaw, IN) for medial unicompartmental arthritis of the knee. One of the authors (JMA) began implanting UKAs in 1970 using different types of early UKA designs and another author (JNA) in 1985. Both surgeons had more than 100-case experience using either fixed or mobilebearing designs prior to the timeframe chosen; during this period, the senior authors were using either fixed-or mobile-bearing cemented UKA. Seventy-five patients (79 knees) received a Miller-Galante fixed-bearing prosthesis and seventy-two patients (77 knees) an Oxford mobile-bearing prosthesis performed by the two senior authors (JMA, JNA). All prostheses were cemented. The indications for the procedure were a confirmed diagnosis of unicompartmental osteoarthritis (Ahlback [1] Grade 2 or greater) with a full-thickness of the articular cartilage in the lateral compartment and a preserved status of the patellofemoral joint (based on clinical evaluation and skyview radiographs), a preoperative range of knee flexion greater than 1008 associated with a full range of knee extension or at least a flexion contracture lower than 10°degrees, and a knee clinically stable in the frontal and sagittal planes. Particular care was given to clinical testing of the ACL. The contraindications included a flexion contracture greater than 10°, chondrocalcinosis (with repeated effusion), and a valgus or varus deformity greater than 10°as measured on long-leg radiographs. Varus and valgus stress radiographs were also performed to evaluate the lateral compartment and the correction of the deformities [13] . A painful narrowing up to 50% of the cartilage on the lateral compartment or a fixed deformity observed on the stress radiograph was considered a contraindication. In both groups, the study inclusion criteria were a primary medial UKA and a minimum clinical followup of 15 years. We excluded five patients who had a medial UKA from 1989 and 1992 with a concurrent high tibial osteotomy, a concurrent or previous ACL reconstruction, or a revision arthroplasty. During the study period, 543 TKAs have been performed, 10 lateral UKAs, and 48 associations of either a medial or a lateral UKA and a patellofemoral arthroplasty.
The decision to use either a fixed-or a mobile-bearing UKA was neither randomized nor chosen because of patient characteristics but rather related to the availability of the implants and equipment. Eleven patients in the fixedbearing group (at a mean of 12.4 years postoperatively) and 16 in the mobile-bearing group (at a mean of 14.45 years) died before the final review, but data were available from the last followup before their death (1 year before) and we used these data for the final analysis. Six patients were lost to followup in the fixed-bearing group; thus, 73 knees in 69 patients were available for the final analysis in this group. Five patients were lost to followup in the mobile-bearing group; thus, 72 knees in 67 patients were available for the final analysis. The minimum followup was 15 years (mean, 17.2 ± 4.8 years; range, 15-21.2 years). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
The characteristics of the patients were comparable in the two groups (Table 1) .
A standard medial parapatellar approach was performed for all knees in both groups [2] . In the fixed-bearing group, a Miller-Galante UKA (Zimmer) was systematically used and performed with modern dedicated instrumentation, including tibial and femoral cutting guides [2] . The only mobile-bearing design used was the Oxford prosthesis with a spherical articular surface. The surgical goal was to perform a resurfacing arthroplasty without any ligament release in both groups. In the fixed-bearing group, a 2-mm laxity during the valgus stress at 20°of flexion at the end of the procedure was the goal. In the mobile-bearing group, the goal was to obtain no laxity during the valgus stress at 20°of flexion at the end of the procedure. Postoperative rehabilitation protocols included immediate weightbearing protected by crutches during the first 2 or 3 weeks according to patient tolerance and exercises were focused on passive flexion immediately and then active recuperation of flexion and extension. All patients in the present study received routine prophylaxis with low-molecularweight heparin pre-and postoperatively for 21 days.
All patients were evaluated clinically preoperatively, at 3 months postoperatively, at yearly intervals postoperatively, and at last followup by one of two independent observers (MCB, SP) using the Knee Society knee and function score [18] . The arc of knee flexion was recorded preoperatively, during followup, and at the final evaluation. Radiographic evaluation was performed by one observer (SP) on long-leg radiographs and on AP, lateral, and skyline radiographs of the knee at last followup. All the radiographs were aligned with fluoroscopic control to obtain views parallel to the tibial tray to reveal the tibial bone-implant interface. The lower-limb alignment was assessed on long-leg radiographs performed using a standardized protocol in which the patient stood with the patella facing anteriorly pre-and postoperatively. On these long-leg radiographs, pre-and postoperatively, the femoral angle (CH = condylar axis to hip center), the tibial angle (PA = plateau axis to ankle), and the articular deformation (CP = condylar axis and plateau axis) were calculated [10] . At final followup, alignment was classified according to the Kennedy classification, which considers the alignment correct when the mechanical axis is in Zone 2 or C (central) and considered as too much in varus when in Zone 1 and too much in valgus when in Zone 3 [20] . The presence, extent, or progression of femoral, tibial radiolucencies was analyzed on full tangential AP and lateral radiographs and subdivided into two distinct subtypes [16] . First the well-defined 1-mm to 2-mm thick radiolucencies (with parallel running radiodense lines) were described as physiological radiolucencies and defined as a radiolucent line [16] . Second, the progressive, poorly defined is greater than 2-mm thick radiolucencies without any matching radiodense line defined as pathologic radiolucency and considered as indicating aseptic loosening [16] . The Ahlback classification was used to evaluate the osteoarthritis progression in the medial or patellofemoral compartment [1] .
A descriptive report of the radiographic outcomes was performed using means and SDs to describe pre-and postoperative alignment and the alignment of the mechanical axis according to the classification of Kennedy and White [20] as well as the number of radiolucencies in each group were compared using Fisher's exact test [32] . Finally, the 20-year survival analysis was performed using the Kaplan-Meier technique (with 95% confidence intervals) for all patients considering revision for any reason or radiographic loosening as the end point. The impact of nonprogressive radiolucent lines on the survivorship using the Kaplan-Meier technique was also evaluated in the two groups. The survivorship comparison was also performed after exclusion of the overcorrected patients [19] . We also performed Cox model analysis to compare the relative risk of being revised in each group at 5, 10, 15, and 20 years [32] . Analysis was performed using SPSS software (Version 12; SPSS Inc, Chicago, IL). All calculations assumed two-tailed tests. Table 2 ). The mean active knee flexion improved from 120°± 78 (range, 100°-1508) preoperatively to 1298 ± 48 (range, 1158-1508) at final followup in the fixed-bearing group and from 115°± 88 (range, 105°-1458) to 1278 ± 68 (range, 1108-1458) in the mobilebearing group without any difference (p = 0.85) between the two groups. The mean preoperative hip-knee angle (HKA) was 173°( range, 168°-179°) in the fixed-bearing group and 174°( range, 169°-179°) in the mobile-bearing group with no difference (p = 0.068) between the two groups. At last followup, the mean HKA was similar in the two groups: 177°± 68 (range, 175°-181°) in the fixed-bearing group and 179°± 78 (range, 176°-184°) in the mobile-bearing group. We found more knees with a neutral or valgus axis for the patients in the mobile-bearing group ( Table 3 ). The mean AP axis of the tibial component was comparable in the two groups: 888 ± 58 (range, 85°-918) as well as the mean tibial slope: 48 ± 38 (range, 0°-88) and as well as the mean AP femoral axis (938 ± 78; range, 858-938). Radiographically, the number of radiolucent lines was higher (p = 0.001) in the mobile-bearing group than in the fixed-bearing group (69% versus 24%) ( Fig. 1) .
We found no difference in survival (p = 0.44) between the two groups (Fig. 2) . Considering revision for any reason as the end point, 20-year survivorship was 0.83 (95% confidence interval, 0.74-0.92) in the fixed-bearing group with 10 patients revised for wear and/or arthritis progression (Table 4 ). Considering revision for any reason as the end point, the 20-year survivorship was 0.8 (95% confidence interval, 0.81-0.95) in the mobile-bearing group with 12 patients revised for aseptic loosening, dislocation, or arthritis progression ( Table 4 ). The main reason for revision in the fixed-bearing group was polyethylene wear at a mean of 8.9 years treated with direct liner exchange ( Fig. 3) , whereas the main cause of revision in the mobilebearing group was progression of osteoarthritis in five cases at a mean of 7.1 years. Within these five cases, three had early progression of osteoarthritis in the lateral compartment at a mean of 3.9 years related to overcorrection of the deformation. We found no difference in survival (p = 0.33) in the two groups for the patients with or without radiolucent lines. No difference of survivorship was found between the two groups after exclusion of the overcorrected patients (p = 0.735). At 5 years, the relative risk for being revised was similar (relative risk, 0.382; 95% confidence interval, 0.0074-1.967; p = 0.25) compared with the mobile-bearing group as well as at 10 years: 0.639 (95% confidence interval, 0.180-2.26; p = 0.488), at 15 years: 0.763 (0.301-1.934; p = 0.569), and at 20 years: 0.837 (0.360-1.945; p = 0.679).
Discussion
Arthroplasty registries [22-24, 34, 35] comparing fixedand mobile-bearing designs of UKA suggested no conclusive advantage of one bearing design over another with some authors citing differing reasons for the failure of each design [22-24, 34, 35, 37, 41] . Higher early minor reintervention rates for the mobile-bearing UKA were reported [7, 8, 11, 41] . Comparative studies did not find any differences in terms of survivorship; however, the followup was limited [7, 8, 11, 25, 41] . Our goal was therefore to compare the long-term function and survivorship of fixedand mobile-bearing UKA. We therefore asked whether (1) mobile-or fixed-bearing UKAs have comparable function (as measured by the Knee Society scores);
(2) mobile-and fixed-bearing UKA have comparable Knee Society radiographic scores; and (3) the long-term survivorship is comparable.
Some limitations should be noted. First, our study was retrospective with the attendant risk of selection bias. Second, we were unable to compare the functional improvement as measured using contemporary evaluation tools such as a specific quality-of life questionnaire (such as the WOMAC score or the Knee Osteoarthritis Outcomes Score) [29, 41] . These scores were not available in our institution at the time of the preoperative screening of the patients [29, 41] . Third, the radiographs were not subjected Considering revision for any reason as the end point, the 20-year survivorship was 0.8 (95% confidence interval, 0.81-0.95) in the mobile-bearing group with 12 patients revised for aseptic loosening, dislocation, or arthritis progression. The log-rank test demonstrated no difference (p = 0.44) between the two groups. to review by multiple blinded observers, which can lead to an analysis bias related to potential inter-and intraobserver error [32] . Despite these limitations, we report a comparative study of two comparable groups of patients with a long-term followup operated on in the same department by the two senior authors. The Knee Society scores [18] were comparable in the two groups and comparable with the function scores reported in the literature with excellent pain relief in the treatment of the medial compartment arthritis (Table 5) [7, 9, 11, 25, 38, 41] . In vivo kinematic studies suggest patients implanted with fixed-bearing UKA have kinematics close to the normal knee despite some cases of paradoxical anterior translation seen over time [3] . In vivo kinematic studies failed to demonstrate kinematic advantages of mobile-bearing over fixed-bearing in UKA [25] , probably related to the fact that both cruciates are present in UKA [21, 25, 38] .
The number of radiolucent lines reported in our study was higher in the mobile-bearing group (69% versus 24%). All but one of the previous comparative studies between fixed and mobile studies in the literature did not compare the rate of radiolucencies [7, 9, 11, 25, 38, 41] . Li et al. [25] in a prospective comparative randomized study did find a higher rate of radiolucencies in the fixed-bearing group at 2 years with comparable clinical scores and survivorship and no longer followup [25] . The nonprogressive radiolucent lines have been described as usual in the mobile-bearing implant by the Oxford group [16] and their etiology remains unclear. One explanation might be a link between overtension of the resurfaced compartment and radiolucent lines but we are unaware of any data in the biomechanical or clinical literature to support this hypothesis. In our study, these lines were not associated with a higher revision rate. Price et al. [33] using the same mobile-bearing implant reported a 15-year survivorship rate of up to 92% with complete radiolucent lines in 96% of the cases around the tibial component and no relation between radiolucent lines and the failures [33] .
We found comparable 20-year survivorship rates in the two groups and these results are consistent with the results reported in the literature (Table 5) [2, 6, 7, 11, 14, 23, 24, 26-28, 30, 33, 37, 39-41] . Discrepancies have been observed between the survivorship reported in the United Kingdom by the Oxford Group and the survivorship reported in North American patients by independent teams [12, 26, 39, 40] , possibly related to the potential differences between the patients in the United Kingdom and in North America [7] . The survivorship reported in the Swedish and the Finnish Joint registry failed to demonstrate any difference between fixed-and mobile-bearing UKA [22-24, 34, 35] .
We observed three bearing dislocations within the first year, consistent with those reported in the literature [38, 40, 41] . The surgeon's fear of dislocation may lead to increase the polyethylene high and this may lead to an overcorrection of the deformation and consecutively to early arthritis progression in the lateral compartment as described in previous studies [11, 38, 40, 41] . We also observed five cases of progression of arthritis in the lateral compartment and within these five cases, three had early progression of osteoarthritis in the lateral compartment at a mean of 3.9 years related to overcorrection of the deformation. As a result of these early complications, and despite a very low wear rate in the mobile-bearing group, we found no difference in survivorship between fixed-and mobile-bearing inserts. In fact, in the fixed-bearing group, no early complication was observed and the main complication remains polyethylene wear at a mean of 8.9 years. This complication was successfully treated with direct polyethylene exchange thanks to the use of metal-backed tibial implants [5] .
In conclusion, we compared the long-term function and survivorship of mobile-and fixed-bearing medial UKAs to analyze the potential benefits of each type of bearing design. We observed comparable long-term pain relief and function restoration. We found a higher rate of lucencies in the mobile-bearing group without any influence on the survivorship. In the mobile-bearing group, more early complications, potentially related to the surgical technique and the fear of dislocation, were observed such as overcorrection of the deformation leading to early arthritis progression in the lateral compartment when wear was observed in the fixed-bearing group. We found no difference in survivorship between fixed-and mobile-bearing but noted implant-specific specific modes of failure.
